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Abstract
OBJECTIVE: To identify the active anti-tumor con-
stituents in the extract from Danshen (Radix Salviae
Miltiorrhizae) and investigate the mechanisms un-
derlying the actions.
METHODS: First, we introduced a two-step coun-
ter-current chromatography to extract the thera-
peutically active diterpenoid, tanshinone from
Danshen (Radix Salviae Miltiorrhizae). The chole-
cystokinin (CCK-8) method was used to evaluate
the inhibitory effect of diterpenoid tanshinone in
liver cancer QGY-7703, lung cancer PC9, lung can-
cer A549, gastric cancer MKN-45, gastric cancer
HGC-27, colon cancer HCT116, myeloma cellU266/
RPMI8226, and human breast cancer MCF-7 in vi-
tro. Fluorescence staining was used to observe
the cytotoxicity ofditerpenoid tanshinone on PC9
cells. The Western blot was used to detect apop-
tosis-related protein poly ADP-ribose polymerase
(PARP), cysteinyl aspartate specific proteinase3/9
(caspase3/9), and cleaved-cysteinyl aspartate spe-
cific proteinase3/9 (cleaved-caspase3/9). The en-
doplasmic reticulum stress-related activating tran-
scription factor 4 (ATF4), phosphorylated eukary-
otic initiation factor 2α (p-eIF2α), and phosphory-
lated jun amino-terminal kinase (p-JNK), and cas-
pase-12 were also analyzed using the Western
blot.
RESULTS: Diterpenoid tanshinone inhibited the
nine human tumor cell lines, with an IC50 of
4.37-29 μg/mL, with the PC9 and MCF-7 displaying
the lowest values. Fluorescence staining showed a
lethal effect of diterpenoid tanshinone on PC9
cells. The Western blot showed that the expression
of caspase3/9 protein and ATF-4 protein decreased
gradually. However, the PARP, cleaved-caspase 3/9
and the expression of p-eIF2 α, P-JNK, and cas-
pase-12 increased gradually, in a dose-dependent
fashion.
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CONCLUSION: We successfully introduced a
two-step counter-current chromatography method
to extract diterpenoid tanshinone, and demonstrat-
ed its antitumor activity. Diterpenoid tanshinone
can induce apoptosis in nine human cancer cell
lines.
Key words: Tanshinone; Salviae Miltiorrhiza; Anti-
neoplastic agents; Apoptosis; Cell line, tumor
INTRODUCTION
Cancer is one of the fatal diseases worldwide. In the
treatment of many cancers, even with radiation and
chemotherapy, 5-year-survival rates are as low as 5% to
10%. We focused on herbal Traditional Chinese Medi-
cines (TCMs). Danshen (Radix Salviae Miltiorrhizae),
is a well-known traditional Chinese herbal medicine.
In terms of TCM, it can promote blood circulation,
regulate menstruation, with pain relief, and promote
vascular circulation for enhanced tissue regeneration. It
is mainly composed of fat-soluble diterpenoids and wa-
ter-soluble phenolic components, in addition to flavo-
noids, triterpenes, and sterols. According to TCM liter-
ature, its extract has often been obtained by processing
with bitter wine and swine fat (lard). The product,
known as the "red lamb", has mainly been used to treat
cutaneous diseases. "Red lamb", technically known as
Danshen (Radix Salviae Miltiorrhizae) diterpenoid qui-
nones, is a collection of secondary metabolites of Dan-
shen (Radix Salviae Miltiorrhizae) containing constitu-
ents including etanshinone ⅡA (Tan ⅡA), cryptotan-
shinone, dihydrotanshinone, Danshen (Radix Salviae
Miltiorrhizae) new ketone, and others. To date, this
preparation has primarily been used for the treatment
of cardiovascular and cerebrovascular diseases.
The use of diterpenoid quinone in treatment of tumors
is still in its infancy. Over 90 known forms of diterpe-
noid tanshinone were derived from Danshen (Radix
Salviae Miltiorrhizae), nearly half of which are classi-
fied as lipophilic1,2 Of these components, Tan IIA in
particular, has been shown to prohibit growth and trig-
ger apoptosis in a variety of cancer cells and cell lines.3-9
Many studies have also shown anti-cancer effects of di-
hydrotanshinone.10-12 Most of them investigated the in-
dividual effects of diterpenoid tanshinone on cancer
cell. As with many modern Western medicines, isolat-
ed active components are the central focus of the phar-
maceutical industry and elevated doses of individual
components may lead to undesired side effects com-
monly seen in cancer therapeutics. In this study, we in-
vestigated the overall anti-cancer effects of the diterpe-
noid quinone on proliferation and apoptosis in nine
human cancer cell lines and the possible mechanisms
underpinning the actions.
MATERIALS ANDMETHODS
Reagents
Gibco fetal bovine serum was obtained from Shang-
hai Biological Technology Ltd., (Shanghai, China).
Rabbit monoclonal antibodies against poly (ADP-ri-
bose) polymerase (PARP), caspases-3/9, cleaved-cas-
pases-3/9, caspase-12, activating transcription factor
4 (ATF4), phosphorylated eukaryotic initiation factor
2α (p-eIF2α), and phosphorylated jun amino-termi-
nal kinase (p-JNK) were purchased from Cell Signal-
ing Technologies (CST, Danvers, MA, USA). Mouse
monoclonal antibody against β-actin was obtained
from Sigma-Aldrich (St. Louis, MO, USA). RPMI
1640 cell culture medium and trypsin were pur-
chased from Hangzhou Branch Yi Biotechnology
(Hangzhou, China). The purity of the active constitu-
ent was more than 95%, as isolated and verified by
the College of Pharmaceutical Sciences Zhejiang Chi-
nese Medical University. The final working concentra-
tion was 10 mg/mL. The reserves were stored at －
20 ℃ away from light until use.
All solvents used for the preparative isolation ofditer-
penoid tanshinone by counter-current chromatogra-
phy were of analytical grade. These solvents were pur-
chased from Huadong Medicine Co., Ltd. Equip-
ment Chemical Reagent Branch (Hangzhou, China),
and pure water was made by Milli-Q equipment.
Equipment
The preparation of high-speed countercurrent chroma-
tography (HSCCC) involved use of aCO2 cell incuba-
tor (Thermo Scientific, Waltham, MA USA), super
clean bench (Suzhou Essence Equipment Company,
Wujiang, China), microscope (Olympus Co., Shang-
hai, China), multifunctional full wavelength micro-
plate reader (Thermo Scientific, Waltham, MA USA),
AE2405 electronic analytical balance, 96-well cell cul-
ture plate, and cell culture flask (BD Biosciences, San
Jose, CA, USA).
Cryptotanshinone, dihydrotanshinone I, tanshinoneⅠ, tanshinoneⅡA
The counter-current chromatography to obtain thera-
peutically effective constituents of Danshen (Radix Sal-
viae Miltiorrhizae) includes two steps: (a) extraction
and (b) separation.
(a) Preparation of crude diterpenoid extract from Dan-
shen (Radix Salviae Miltiorrhizae) extract. For extrac-
tion, raw Danshen (Radix Salviae Miltiorrhizae) were
ground into powder, sieved and set aside. We used su-
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perficial fluid extraction and solvent extraction to ob-
tain the total yield of Danshen (Radix Salviae Miltior-
rhizae) diterpene quinone from the dried Danshen (Ra-
dix Salviae Miltiorrhizae). Enriched fractions
(8%-15% ) of the required components following
crushing were extracted using supercritical carbon diox-
ide and ethanol as co-solvents. Carbon dioxide super-
critical fluid extraction with ethanol as an entrainer
showed high extraction efficiency, even extracting larg-
er diterpene quinones from Danshen (Radix Salviae
Miltiorrhizae).
(b) Semi-preparative separation of diterpenoid tanshi-
none using high-speed counter-current chromatogra-
phy. Preparative separation was performed by collect-
ing the enriched extract containing the target compo-
nent and evaporating it until completely dried. The
extract was further subjected to decompression recy-
cling using counter-current chromatography, using
ethanol with a mass concentration of 95% as a sol-
vent with 6 to 10 times greater weight than the
dried Danshen (Radix Salviae Miltiorrhizae). The elu-
tion channels of counter-current chromatography are
centralized, and therefore, we collected 4 mL of the
red product eluted in a test tube. After collecting the
elutions, they were subjected to thin-layer chromatog-
raphy (TLC) and liquid chromatography (LC). We
found that tubes 6 to 11 were enriched with the di-
terpenoid. The percolation was performed at room
temperature to avoid loss of heat-sensitive Danshen
(Radix Salviae Miltiorrhizae) diterpene quinones. Fur-
ther, the enriched extract was suspended in water
and later percolated with the same volume of organic
solvent.
Cell survival assay
The logarithmic growth of cells was sustained. Later,
these cells were seeded into 96-well plates (6-9 × 103
cells/well) and cultured up to 24 h until adherence.
After 24 h incubation, the cells were treated with
different concentrations of diterpenoid tanshinone
obtained from counter-current chromatography and
incubated for an additional 24 h. After 24 h, chole-
cystokinin method (CCK-8) was added to each well
and the cells were further incubated for 1 hour at
37 ℃ . The medium was then carefully removed
from the cells and 150 μL of dimethyl sulfoxide
(DMSO) was added in each well and the plate was
gently shaken for uniform mixing. The optical densi-
ty was measured using a microplate reader to calcu-
late the half maximal inhibitory concentration (IC50 )
values.
Cell line and cell line culture
Human lung cancer cell line (PC 9) and breast cancer
cell line (MCF-7), were donated by the Central Labora-
tory of Zhejiang Chinese Traditional Medicine Hospi-
tal. The two cell lines were cultured in 1640 medium
supplemented with 10% fatal bovine serum (FBS) and
grown in 95% oxygen/5% CO2 incubator at 37 ℃. PC
9 cells are spherical, while MCF-7 cells are polygonal
and adherent. After 2 days of incubation, these cell
lines were digested with trypsin and passaged, selecting
the cells exhibiting logarithmic growth for further ex-
perimentation.
2-(4-Amidinophenyl)-6-indolecarbamidine
dihydrochloride (DAPI) staining to analyze cell
morphology in PC9 cells
The cells selected for logarithmic growth were seeded
in a 6cm culture dish at a density of 2 × 106 cells per
well. After 24 h incubation, the supernatant was dis-
carded and 7.5 μg/mL effective constituent was add-
ed. After an additional 24 h of incubation, the con-
trol and treatment samples were collected, centri-
fuged at 800 rpm for 5min, followed by addition of
500 μL water containing 0.1% DAPI, mixed well.
After removing 100 μL and titrating on a glass-bot-
tom flask, it was stored in the dark for 10 min and
observed under confocal and fluorescent microscopes.
Fluorescent microscopy revealed densely stained apop-
totic cell nuclei.
Western blot
After treatment with the effective constituent, we col-
lected PC9/MCF-7 cells in logarithmic-growth, dis-
carded the cell lysis buffer, and placed the samples on
ice for 30 min. The samples were shaken once every
10 min, centrifuged (13 300 rpm 17 000 g for 15
min), and the supernatant was collected to quantify
the total protein using the BCA method [Bicinchonin-
ic Acid (BCA) Protein Assay], and remaining samples
were stored at －30 ℃ until further use. Equal protein
was loaded and run on 10% SDS-PAGE (Sodium do-
decyl sulfate-Polyacrylamide gel electrophoresis) and
transferred to membrane, and non-specific antibody
was blocked. Following blocking, the membranes were
incubated with a primary antibody (1∶1000) in block-
ing solution overnight at 4 ℃. The next day, the prima-
ry antibody was removed, and the membranes were
washed in PBS, and incubated with appropriate sec-
ondary antibody (1∶100) for 2 h at room temperature,
followed by enhanced chemiluminescence (ECL). β-ac-
tin was selected as an internal control to compare pro-
tein expression.
Statistical analysis
All data were analyzed with SSPS version 14.0 soft-
ware (IBM, Armonk, NY, USA). Data were analyzed
via two-sample unpaired t-test or ANOVA (Analysis
of Variance) with post-hoc analysis if significant re-
sults were obtaioned. P value < 0.05 was considered
statistically significant. Data are presented with mean
± SD.
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RESULTS
Growth inhibition by diterpenoid tanshinone
Diterpenoid tanshinone was effective in decreasing
cell viability in PC 9 and MCF-7 cells with an IC50
of (7.4 ± 1.0) and (4.4 ± 0.5) μg/mL, respectively.
However, diterpenoid tanshinone demonstrated weak-
er survival inhibition in the other 7 cell lines yield-
ing the rank order: MCF-7 > PC9 > U266 > RP-
MI8226 > A549 > MKN-45 > HGC-27 > QGY-
7703 > HCT116 (Table 1).
Effect of diterpenoid tanshinone on cell morphology
in PC9 cells
In the absence of diterpenoid tanshinone, PC9 cells
showed normal cell morphology (Figure 1).
The cells treated with diterpenoid tanshinone (A1)
when compared with the un-treated control PC 9 cells
(B1) showed irregular morphology with atrophied cell
membrane, which turned to darkened deformed cells
when observed under an inverted microscope. Similar-
ly, under fluorescent microscopy, the cells exposed to
diterpenoid tanshinone (B2) showed condensed and
brightly fluorescent nuclei suggesting apoptosis com-
pared with the control group, which showed normal,
uniform nuclei (A2).
Effect of diterpenoid tanshinone on apoptosis-related
protein expression in MCF-7 and PC9 cells
As shown in Figure 2, the levels of procaspase-3 and -9
were decreased with increasing concentration of diter-
penoid tanshinone cleaving them at 17 and 35 kDa, re-
spectively. However, the cleavage of PARP was also ob-
served at 86 kDa in MCF-7 and PC 9 cells exposed to
diterpenoid tanshinone.
Diterpenoid Tanshinone induced changes in
ER-associated protein expression
Western blot revealed that increasing diterpenoid tan-
shinone concentration induced a dose-dependent in-
crease in p-JNK, caspase-12 and p-eif2α, while produc-
ing the opposite effect in ATF4 expression under simi-
lar conditions (Figure 3).
DISCUSSION
Danshen (Radix Salviae Miltiorrhizae) Bunge, also
known as Danshen, has been used in medical practice
in China for thousands of years. A comparative analy-
sis of the literature suggests that decoctions of Danshen
(Radix Salviae Miltiorrhizae) extracts are anti-tumori-
genic. In single- and multi-component extracts and de-
coctions, the primary components are water-soluble ac-
tive constituents or primary lipophilic active constitu-
ents, including tanshinone Ⅰ, tanshinone Ⅱ-A (TanⅡA), tanshinone Ⅱ-B, and cryptotanshinone, which
share common structural aspects that contribute to an-
ti-tumor, anti-oxidant, anti-inflammatory and other
functions essential for suppression of tumorigenicity.
Of these components, Tan ⅡA, a diterpene quinone,
has been shown to inhibit tumor cell proliferation in
lung cancer,31 breast cancer,32 prostate cancer33 and oth-
ers. Evidence suggests that the diterpenoid quinone
from Danshen (Radix Salviae Miltiorrhizae) greatly in-
hibits cancer cell proliferation in a dose-dependent
manner.34,35
To further investigate whether the diterpenoid quinone
induced apoptosis of tumor cells in the present study,
MCF-7 and PC-9 tumor cell lines were treated with
DAPI for nuclear labeling, morphological examina-
tion. Our results indicate that the diterpenoid qui-
nones induced apoptosis, with increasing concentra-
tions causing gradual increases in cellular apoptosis.
Cell lines
QGY-7703
PC9
A549
MKN-45
HGC-27
HCT116
U266
RPMI8226
MCF-7
Tumor source
Hepatocellular carcinoma
Lung adenocarcinoma
Lung carcinoma (Epithelial)
Gastric carcinoma
Gastric carcinoma
Colon cancer
Multiple myeloma
Myeloma cell
Breast carcinoma
IC50 (μg/mL)
23.7±5.6
7.4±1.0
15.4±1.7
18.3±0.8
21.7±2.0
29.0±1.3
12.4±1.6
14.2±3.6
4.4±0.5
Table 1 IC50 of 9 cancer cell lines treated with diterpenoid
tanshinone ( xˉ ± s)
Figure 1 Morphological alterations in PC9 cells
A1: untreated PC 9 cells observed under inverted micro-
scope showed normal cell morphology. B1: PC 9 cells treat-
ed with diterpenoid tanshinone showed irregular cell mor-
phology with atrophied cell membrane. A2: Untreated PC 9
cells showed normal cell morphology with normal nuclei un-
der florescence microscope. B2: PC 9 cells following diterpe-
noid tanshinone exposure showed condensed nuclei with
bright fluorescence under florescence microscopy.
A1 B1
B2A2
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Western blot of apoptosis-related proteins PARP, cas-
pase-3/9, and activated cleaved-caspase-3/9 showed
that PARP and caspase-3/9 protein expression declined
with increased drug dosage, while cleaved-PARP and
cleaved-caspase-3/9protein expression gradually in-
creased.
There are two commonly understood pathways of
apoptotic induction: the extrinsic pathway, involving
activation of death receptors by extracellular stimuli
and specific ligands, and an intrinsic pathway, initiated
by endogenous mechanisms involving cell stress or
damage. Both of these mechanisms typically lead to
mitochondrial reactivity, release of pro-apoptotic fac-
tors that ultimately trigger caspase-9 and 3 cleavage
and activation and initiation of the cellular apoptosis.
Recently, the responses of endoplasmic reticulum to
Shen L et al. / Experimental Study
kDa
p-elf2α (phosphorylated eukaryotic initiation factor)
p-JNK (phosphorylated jun amino-terminal kinase)
Caspase-12 (cysteinyl aspartate specific proteinase-12)
ATF4 (activating transcription factor 4)
β-actin (β-non-muscle actin)
p-elf2α (phosphorylated eukaryotic initiation factor)
p-JNK (phosphorylated jun amino-terminal kinase)
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Figure 4 Diterpenoid Tanshinone induced changes in ER-associated protein expression
A: MCF-7 cells were treated with increasing concentration of diterpenoid tanshinone, its ER-related protein expression byWestern
blot analysis. B: PC 9 cells were treated with increasing concentration of diterpenoid tanshinone, its ER-related protein expression
by Western blot analysis. 1: 0 μg/mL diterpenoid tanshinone; 2: 2.5 μg/mL diterpenoid tanshinone; 3: 5.0 μg/mL diterpenoid tan-
shinone; 4: 7.5 μg/mL diterpenoid tanshinone.
A
B
kDa
A
1 2 3 4
79/86
35
17/19
37
35
43
PARP (poly ADP-ribose polymerase)
Caspase-3 (cysteinyl aspartate specific proteinase-3)
Caspase-9 (cysteinyl aspartate specific proteinase-9)
Cleaved caspase-3 (cleaved- cysteinyl aspartate specific proteinase-3)
Cleaved caspase-9 (cleaved- cysteinyl aspartate specific proteinase-9)
β-actin (β-non-muscle actin)
B79/86
35
17/19
37
35
43
PARP (poly ADP-ribose polymerase)
Caspase-3 (cysteinyl aspartate specific proteinase-3)
Caspase-9 (cysteinyl aspartate specific proteinase-9)
Cleaved caspase-3 (cleaved- cysteinyl aspartate specific proteinase-3)
Cleaved caspase-9 (cleaved- cysteinyl aspartate specific proteinase-9)
β-actin (β-non-muscle actin)
Figure 3 Effects of diterpenoid tanshinone on apoptosis-related protein expression in MCF-7 and PC 9cells
A: MCF-7 cells were treated with increasing concentration of diterpenoid tanshinone,its apoptotic protein expression by Western
blot analysis. B: PC9 cells were treated with increasing concentration of diterpenoid tanshinone, its apoptotic protein expression
by Western blot analysis. 1: 0 μg/mL diterpenoid tanshinone; 2: 2.5 μg/mL diterpenoid tanshinone; 3: 5.0 μg/mL diterpenoid tan-
shinone; 4: 7.5 μg/mL diterpenoid tanshinone.
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cell stimuli have become increasingly important.
Stress in the endoplasmic reticulum rapidly activates
the protein kinase RNA-like endoplasmic reticulum
kinase (PERK)-eIF2α signaling pathway leading to
autophosphorylation of PERK within the ER fol-
lowed by eIF2α phosphorylation.36 Phosphorylation
of eIF2α inactivates PERK, which causes a cellular
shift in translation toward selective activation of spe-
cific mRNA translation. The mRNA involved in the
initial stress response gains priority for selective trans-
lation under such conditions.36 For instance, after
ATF4 translation, and its binding to the promoter
and activation of AARE domain C/EBP-homologous
protein (CHOP)/Growth arrest DNA damage
(GADD) 153, it directly or indirectly regulates the
metabolism and apoptosis-related gene expression.37-39
Endoplasmic reticulum stress activates JNK pathway
via p53 phosphorylation on threonine residue 8l re-
sulting in inhibition of p53 degradation and promo-
tion of apoptosis.40,41 In addition, caspase-12 is in-
volved in endoplasmic reticulum stress-mediated
apoptosis. Caspase-12 located in the cytoplasmic side
of the ER membrane, is activated by the protease cal-
pain in endoplasmic reticulum stress-induced (ERS)
apoptosis.42,43 Activated caspase-12 following direct in-
duction of ERS, and translocation to the cytoplasm
along with caspase-9, leads to progression of the mi-
tochondrial-associated cytochrome c/Apoptotic prote-
ase activating factor 1(Apaf-1)/caspase cascade and re-
sults in cellular apoptosis.38,44,45
Our Western blot results showed that when lung can-
cer PC9 and human breast cancer MCF-7 cells were
treated with the diterpenoid quinone for 24h, we ob-
served a dose-dependent decrease in ATF4 protein ex-
pression and increase in p-eIF2α, p-JNK, and cas-
pase-12 protein expression, indicating induction of
ERS-mediated apoptosis.
In conclusion, our study provides a method for ex-
tracting diterpenoid quinone from Danshen (Radix
Salviae Miltiorrhizae), confirms cytotoxic effects in
an extensive cell-line screening experiment, and high-
light parallels between the anti-apoptotic biochemi-
cal effects and ERS-associated protein signaling and
activation commonly utilized by cancer cell lines.
The findings may support future studies into mecha-
nisms of ER-mediated apoptotic progression in can-
cer cells.
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